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The present invention relates to a matrix display device and a related method 
of controlling light output from such a device employing sub-field addressing and comprising 
determining the display load of the device. 

Such a device and method is known, for example, from WO-A-99/30309 but 
is disadvantageous in that the level of light production remains restricted and the light output 
and power specification, particularly at low display loads, are far from ideal. The number of 
grey levels available at low display loads is also disadvantageously limited. 

The present invention seeks to provide for a matrix display device and related 
method having advantages over known such devices and methods. In particular, the present 
invention seeks to provide for a matrix display device and related method allowing for an 
increased light output at low display loads and advantageously without exceeding the 
maximum power load of the sustain power supply. 

According to one aspect of the present invention there is provided a method of 
the type defined above and characterized by the steps of dynamically varying the number of 
sub-fields available for display of an image responsive to said display load being determined 
to be below a threshold value. 

According to another aspect of the present invention there is provided a matrix 
display device of the type defined above, characterized by determining means for 
determining the display load of the device, and control means for dynamically varying the 
number of sub-fields available for display of an image responsive to said determined display 
load being below a threshold value. 



The invention is particularly advantageous in that, through the dynamic 
monitoring of the display load, the number of sub-fields can be reduced when the display 
load falls below a threshold value. This then serves to reduce the total scanning periods (also 
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known as address periods) within one field and so allows for a corresponding increase in the 
time available for the sustain periods so as to provide for an enhanced bright display even at 
low display loads. A further particular advantage is that the number of sustain pulses can be 
increased in this manner to a number suitable for maintaining the power drawn by the display 
5 from the sustained power supply to near its maximum value. 

The features of claims 2, 3, 8 and 9 relate to various aspects of the invention 
which can proved advantageous in retaining a required number of grey levels whilst still 
allowing for the reduction in the number of sub-fields in accordance with the present 
10 invention. 

The features defined in claims 4 and 10 relate to a particularly efficient and 
affective means for dynamically determining the display load and the features of claims 5 and 
6 and 11 and 12 define particularly advantageous features of the dynamic behaviour and 
15 relating to the determination of the number of sub-fields selected. 

The invention is described further hereinafter by way of example only, the 
reference to the accompanying drawing which represents a block diagram illustrating the 
drive arrangement of a matrix display device embodying the present invention. 



20 
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The drawing comprises a schematic block diagram illustrating one 
embodiment of a display device including a plurality of light emitting elements as found 
within a matrix display and also including associated drive means for delivering colour video 
signals to the light emitting elements. 



In further detail, the drawing illustrates a matrix display device 10 arranged for 
receiving colour video signals 12 which are delivered to both a sub-field convertor 14 and a 
display load determination means 16. The display load determination means 16 monitors and 
analyses the incoming video signals 12 so as to establish the display load that will arise when 
30 displaying the image on the screen of the matrix display device 10. The sub-field convertor 
14 serves to impose a sub-field timing scheme on the incoming video signals 12 so as to 
divide the signals into a plurity of sub-fields for achieving the required luminance in the 
displayed image. 
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The display load determination means 16 delivers a signal to control means 18 
which, in turn, is arranged to deliver a control signal to the sub-field convertor 14 and to a 
partial line doubling/dithering application means 20. The control means 18 is arranged to 
deliver the said control signals to the sub-fields convertor 14 and the partial line 
5 doubling/dithering application means 20 on the basis of the display load determined by the 
display load determination means 16. Should the display load be determined to be below a 
threshold value, then the control means 18 is arranged to deliver its control signals to the sub- 
field convertor 14 and the partial line doubling/dithering application means 20. Upon receipt 
of the said control signal, the sub-field convertor 14 is controlled to reproduce the incoming 

10 video signal 12 with a reduced number of sub-fields; whereas the partial line 

doubling/dithering application means 20 is arranged to apply partial line doubling and/or 
dithering by means of a matrix display drive means 22 which receives the reduced sub-field 
signals from the sub-field convertor 14. The partial line doubled and/or dithered signals 24 
output from the drive means 22 are then delivered to the light emitting elements of a matrix 

15 display 26. 

The operation of the present invention is now discussed further below. 

Within the present inventive concept, a method is proposed to increase the 
20 light output at low display loads, without exceeding the maximum power load of the sustain 
power supply. 

This is illustrated further below wherein the maximum display load, which is 
proportional to the number of cells of the matrix display turned on multiplied by their on 

25 time, is given by DO and occurs at SO sustain pulses and at a luminance of L0. If the actual 
display load D is greater than DO, the maximum number of sub-fields NO is used and no 
partial line doubling or dithering (as discussed later) is applied. If required, the maximum 
load DO is limited by decreasing the number of sustain pulses S such that S/L=S0/L0 and the 
power drawn from the sustain power is limited to a maximum value. However, if the actual 

30 display load D is less than DO, the address time is reduced in accordance with the present 
invention by reducing the number of sub-fields used such that the number of sustain pulses 
can be increased, preferably to an amount suitable for keeping the power drawn from the 
sustain power supply near to its maximum value. 
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Using partial line doubling for the least significant bits or by using dithering, 
or combination of both lowers the number of sub-fields while advantageously retaining the 
number of grey levels available. 

5 For other matrix displays, multiple frame surface addressing can be used to 

decrease the addressing time. That is, a method of displaying successive image frames on a 
subfield driven matrix display device comprising display lines being addressed in sets of 
adjacent lines can be employed wherein the image frames or fields having original luminance 
value data are coded in subfields comprising a group of most significant subfields and a 
10 group of least significant subfields. A common luminance value is supplied to lines of a set 
of the sets of lines and the addressing in sets of adjacent lines is performed differently for 
successive frames or fields, for different regions of the display device and/or for different 
subfields. 

15 Thus, grouping adjacent lines in sets of lines is performed differently for each 

successive frame and for different regions of the display device, e.g. lines may be grouped by 
three in the upper half of the display, and by two in the lower one, in odd frames, and in 
reverse in even frames serves to reduce the address period or addressing time without 
impairing image definition and without creating motion artefacts. This can leave more time 

20 for sustain periods. A common luminance value for one or more subfields is thereby 

addressed simultaneously to all lines of a set of lines. By grouping the lines differently in 
successive frames and/or different areas of the display, an advantageous further reduction in 
the address period is obtained, without loss of resolution. 

25 The following example further illustrates this aspect of the invention. First, it 

is assumed that the maximum number of sub-fields 8 sub-fields on a VGA display, 

such that 256 grey levels can be obtained. 

The total time needed to address a Plasma Display Panel (PDP) can be 

30 represented as: 

T = T E + T A + T s = E x (0.1ms) + N x(1.54ms) + S x(2.7us) 
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where T E denotes the erase time, T A denotes the address time, and T s denotes 
the sustain time. 

With, for example PDPs, the power consumption increases in proportion to the 
5 display load D and the display load D is a relative number between 0 and 1 , which is 
proportional to the number of cells turned on, multiplied by the on-time. Thus, for a 
completely white image the display load is 1, while for a completely dark image the value is 
0. In this example it is assumed that only a sustain power P0=150W is available in the PDP, 
and is sufficient to create a luminance L0=235 cd/m2 at a display load of D0=0.25, using 
10 S0=1000 sustain pulses. 

The two situations noted above are again considered, i.e. display load higher 
than DO, and a display load lower than DO. At a higher display load the number of sustain 
pulses is reduced, such that S/L = S0/L0. This means that the maximum luminance reduces, 

15 according to L x (D + C) = L0 X (DO + C) where C is a constant which is commonly in the 
region of 0.07 which relates to offset in the display load. It should of course be appreciated 
that the 8 sub-fields with single line addressing are used as usual. At lower display loads 
dithering and/or partial line doubling is employed in order to assist with a reduction in the 
address time needed. This will therefore allow for an increase in the sustain time available 

20 and the number of sustain pulses applied, which in turn allows for a high luminance at low 
display loads. Importantly the relationship for L x (D+C) = L0 x (DO + C) remains true. 

The required erase time Te equals the number of sub-fields which will be 
erased multiplied by the time needed to erase one sub-field, which is about O.lms/sub-field. 
25 In current address methods the value of E=l, but for the sake of clarity it can be taken to be 
equal to the number of sub-fields i.e. E = Nmax. 

The address time Ta required = N x t A and is noted in Table 1 below assuming 
partial line doubling is applied. In Table 1, the value of N ranges from 5 to 8 and for 
30 addressing a single field with single line addressing a time of t A = 480 rows x 3.2us/row = 
1.54ms is needed. Table 2 illustrates the total address time calculated. 



i 



The sustain time T s needed, equals the number of sustain pulses S applied 
multiplied by the time needed for a single pulse event, i.e. about 2.7us. In Table 2, the 
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sustain time is calculated and illustrated for a 50Hz (20ms field period) and 60Hz PDP 
operation (16.6ms field period). 

It should be appreciated that only results for integer numbers are listed. 

5 

Table 1. The number of MSBs and LSBs needed for the address time 

reductions. 



N sub-fields 


MSBs LSBs Total address 




Single line Double line time 




Addressing addressing In units of tA 


8 


2 6 2+6xV 2 =5.0 


8 


3 5 3+5xV 2 =5.5 


8 


4 4 444xV 2 =6.0 


8 


5 3 5+3xV 2 =6.5 


8 


6 2 6+2x 1 / 2 =7.0 


8 


7 1 7+lxV 2 =7.5 


8 


8 0 8 


Table 2. The number of sustain pulses produced. 


Number N 


Terase Taddjess T sus tam Npulses T sus tain Npulses 


of time tA 


@50Hz @60Hz 


needed 


(ms) (ms) (ms) (ms) 


5 


0.8 7.70 11.5 4259 8.1 3000 


6 


0.8 9.24 9.96 3689 6.6 2430 


7 


0.8 10.8 8.40 3111 5.0 1850 


8 


0.8 12.32 6.88 2548 3.5 1288 
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At 1000 sustain pulses, a luminance of about 235 cd/m2 or more can be 
produced in current plasma display panels. At 4259 pulses luminance of 1000cd/m 2 can 
therefore be expected at 50Hz, At 3000 pulses, a value of 700cd/m 2 is realistic at 60Hz. 

5 In this example, in order to increase the brightness of a PDP up to 700cd/m2 at 

60Hz operation (or even 1000cd/m2 at 50Hz), the invention advantageously employs partial 
line doubling and/or dithering during the creation of the high luminance, such that the power 
consumption for light generation is always fixed to a constant value, for example 150W, and 
such that 256 grey levels can always be obtained. At low display load the 6 LSBs are partial 
10 line-doubled and/or dithering is applied, while at a high display load no lines are doubled 
and/or no dithered applied. 

To further the example, if 6 sub-fields are used, dithering can be employed to 
give near 8 bit equivalent picture. In such a case the method will be limited to 6 sub-fields, 
15 avoiding a lesser image quality. 

As a further illustration, the 3 MBSs with single line doubling and the 3LSBs 
with line-doubling can be advantageously dithered in order to obtain an 8 bit equivalent 
picture. 

20 

The above illustrates that each maximum light output L can be realised as D 
changes and the display load can be continuously recorded by a microprocessor. 

As mentioned above, if D is greater than DO, and the number of sub-fields is 
25 taken as 8, the number of sustain pulses is calculated according to S/L = S0/L0 and the result 
will be a number S less that SO, and sufficient sustain time will be available. If D is less than 
DO, the number of sustain pulses is also calculated using S/L = S0/L0, but that can only be 
achieved if partial line doubling and, for example, less sub-fields are used. The effective 
number N of address periods can be calculated with: 



30 



N = [T-(T E + Ts)]/t A . 



where Ts = S x 2.7us and Tsis a fixed number, while t A will be about 1.54ms. 
If N becomes lower than 5, the number will be taken as 5 and the corresponding number of 
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sustain pulses will be determined based on the above relationship. If a number between 5 
and 8 is obtained, the numbers illustrated in Table 2 are used and these can be stored in a 
look up table for instance. The image will then be displayed using those numbers. 

5 If the display load changes, the numbers for S and N are changed accordingly, 

or the settings can be delayed by applying a filter. The reaction time depends on the overload 
allowed at the power supply. 

From the above it will be appreciated that the invention advantageously 
10 involves a single scan with the maximum amount of sub-fields, that is 8 currently for VGA 
displays. This will limit the brightness to a low value, but sufficient for high display loads. 
But as soon as the load reduces, partial line doubling and/or dithering is applied which will 
still give an 8 sub-field equivalent display but with less addressing time however. Therefore 
the sustain time can be increased. It is then always possible to realise 256 grey levels, while 
15 motion artefacts can be removed for instance with motion compensation. 

It will be appreciated that the invention is applicable to a wide variety of 
matrix display device such as Plasma Display Panels and Digital Mirror Devices. 

20 The invention therefore advantageously allows for improved light output at 

low values of the display load. As mentioned the invention is particularly suited to PDPs in 
addition to other matrix displays. 
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1. A method of controlling light output from a matrix display device employing 
sub-field addressing and comprising determining the display load of the device, and 
characterized by the steps dynamically varying the number of sub-fields available for display 
of an image responsive to said display load being determined to below a threshold value. 

5 

2. A method as claimed in claim 1 and including the step of partial line doubling 
responsive to the said display load being determined to be below a threshold value. 

3. A method as claimed in claim 1 or 2, and including the step of dithering, 
10 responsive to the said display load being determined to be below a threshold value. 

4. A method as claimed in claim 1, 2 or 3, and including the step of continuously 
monitoring the display load by means of a processor. 

15 5. A method as claimed in claim 1, 2, 3, or 4, and in accordance with the 

relationship S/L = S0/L0 wherein SO and L0 are the maximum number of sustain pulses and 
the maximum luminance at which the maximum display load occurs and S and L are the 
number of sustain pulses and the luminance when the display load is determined to be under 
the threshold value. 

20 

6. A method as claimed in any one of claims 1-5, and conducted in accordance 
with the relationship L x (D + C) = L0 x (DO + C) where L and L0 represent luminance 
values at the time of display load being below being the threshold value and at maximum 
display load and C is in the order of 0.07. 

25 

7. A matrix display device (10) comprising a plurality of light emitting elements 
(26), drive means (14, 22) arranged for sub-field addressing of the light emitting elements 
(26) and characterized by determining means (16) for determining the display load of the 
device, and control means (18) for dynamically varying the number of sub-fields available 



10 • ' ■ 14.12,2000 

for display of an image responsive to said determined display load being below a threshold 
value. 

8. A device as claimed in claim 7 and including means (20) for applying partial 
line doubling responsive to the said display load being determined to be below a threshold 
value. 

9. A method as claimed in claim 7 or 8, and including means for applying 
dithering, responsive to the said display load being determined to be below a threshold value. 

10. A device as claimed in claim 7, 8 or 9, and including processor means 
continuously monitoring the display load. 

11. A device as claimed in claim 7, 8, 9, or 10, wherein the control means is 
arranged to operate in accordance with the relationship S/L = SO x L0 wherein SO and L0 are 
the maximum number of sustain pulses and the maximum luminance at which the maximum 
display load occurs and S and L are the number of sustain pulses and luminance when the 
display load is determined to be under the threshold value. 

12. A device as claimed in any one of claims 7-11, wherein the control means is 
arranged to operate in accordance with the relationship L x (D + C) = LO x (DO + C) where L 
and L0 represent luminance values at the time of display load being below the threshold 
value and at maximum display load and C is in the order of 0.07. 

13. A display apparatus arranged for receiving a video signal and for processing 
the signal so as to display an image determined by the signal, the image determining a 
display load within the apparatus, and the apparatus having means for receiving a power 
supply having regard to the display load, and further having a matrix display device as 
claimed in any one of claims 7 to 12. 
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The present invention provides for a matrix display device (10) and related 
method of controlling light output from such a device employing sub-field addressing (14) 
and comprising determining the display load of the device (10), and further including the 
steps of dynamically varying the number of sub-fields available for display of an image 
responsive to said display load being determined (16) to be below a threshold value and 
advantageously employing partial line doubling and/or dithering (22,24)for at least the least 
significant bits of the display signal. 
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